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(57) ABSTRACT

An exposure apparatus and manufacturing methods using
the exposure apparatus are disclosed. An exposure apparatus
includes a light source system generating light, an optical
system controlling and patterning the light, a substrate
system on which an exposure process 1s performed on a
substrate by the patterned light, and a control unit control-
ling the light source system, the optical system and the
substrate system. The optical system includes a chamber, a
reflection member disposed 1n the chamber to control the
light, and a first on-off valve installed on one side of the
chamber opposite to the substrate system. The control unit
controls the optical system such that the first on-off valve 1s
opened during the exposure process and 1s closed during a
cleaning process performed to the mside of the chamber.

4 Claims, 6 Drawing Sheets
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Coat Photosensitive Layer on Substrate 801

L oad Substrate on Substrate System of

Exposure Apparatus 802
Expose Ehotosensitive Layer to Patterned 303
Light by Exposure Apparatus




US 10,168,627 B2

1

EXPOSURE APPARATUS AND METHOD
FOR CLEANING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This U.S. non-provisional patent application claims pri-
ority under 35 U.S.C. § 119 to Korean Patent Application
No. 10-2015-0078660, filed on Jun. 3, 2015, in the Korean
Intellectual Property Ofhice, the disclosure of which 1is
hereby incorporated by reference 1n 1ts entirety.

BACKGROUND

The present disclosure relates to an apparatus for a
photolithography process and, more particularly, to an expo-
sure apparatus and a method for cleaning the mside of the

exposure apparatus.

A photolithography process may include a photoresist-
coating process for forming a photoresist layer on a semi-
conductor substrate, a soft bake process for hardening the
photoresist layer by volatilizing a solvent of the photoresist
layer, an exposure process for transferring a specific pattern
to the hardened photoresist layer, a development process for
developing the photoresist layer to which the pattern is
transierred, and a post-bake process for hardening a photo-
resist pattern formed by the development process.

An exposure apparatus may i1mage a pattern on a sub-
strate. Generally, the exposure apparatus may 1rradiate light
to a photo mask to transfer the pattern formed on the photo
mask to the substrate. As sizes of patterns to be imaged on
a substrate have been reduced, a wavelength of light for
photolithography has also been reduced. Thus, the exposure
process 1s currently performed using extreme ultraviolet
(EUV). However, the exposure apparatus using light having
a short wavelength may be sensitive to contamination par-
ticles, so 1t 1s important to clean the inside of a chamber of
the exposure apparatus.

SUMMARY

Embodiments of the inventive concepts may provide an
exposure apparatus capable of selectively adjusting a clean-
ing start time and a cleaning performance time of the nside
of a chamber, and a method for cleaming the inside of the
chamber.

Embodiments of the mnventive concepts may also provide
an exposure apparatus with improved ability to clean the
inside of the exposure apparatus and a method for cleaning
the 1nside of the exposure apparatus.

In certain embodiments, an exposure apparatus may
include a light source system generating light, an optical
system controlling and patterning the light, a substrate
system on which an exposure process 1s performed on a
substrate by the patterned light, and a control unit control-
ling the light source system, the optical system and the
substrate system. The optical system may include a chamber,
a reflection member disposed 1n the chamber to control the
light, and a first on-ofl valve installed on one side of the
chamber opposite to the substrate system. The control unit
may control the optical system such that the first on-off valve
1s opened during the exposure process and 1s closed during
a cleaning process performed to the inside of the chamber.

In certain embodiments, the optical system may further
include a gas supply member configured to 1nject a cleaning
gas into the chamber. The control unit may control the
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optical system such that the cleaning gas 1s supplied into the
chamber through the gas supply member during the cleaning
pProcess.

In certain embodiments, the optical system may further
include an exhaust line extending from one side of the
chamber, the exhaust line sucking particles located in the
chamber to exhaust the particles, and a second on-ofl valve
installed on the exhaust line.

In certain embodiments, the control unit may control the
optical system such that the second on-off valve 1s closed
during the exposure process and 1s opened during the
cleaning process.

In certain embodiments, the substrate system may include
a support member supporting the substrate. The exhaust line
may extend toward the substrate supported by the support
member, and an end of the exhaust line may be located over
the substrate supported by the support member.

In certain embodiments, the first on-off valve and the
exhaust line may be adjacent to each other.

In certain embodiments, the substrate system may further
include an 1mage-sensing member photographing the par-
ticles exhausted from the exhaust line.

In certain embodiments, the image-sensing member may
photograph the particles exhausted through the exhaust line
when the cleaning process 1s performed, and the control unit
may analyze image data obtained by the image-sensing
member.

In certain embodiments, the control unit may control the
substrate system and the optical system to change at least
one of a kind of the cleaning gas, a flow rate of the cleaning
gas or a cleaning performance time, based on analysis results
of the particles.

In certain embodiments, the optical system may further
include an adsorption member disposed adjacently to the
first on-oil valve to adsorb the particles occurring during the
EXpOSUre process.

In certain embodiments, the adsorption member may be
coupled to an outer surface of one side of the chamber and
may be detachable from the chamber.

In certain embodiments, the chamber may be a vacuum
chamber.

In certain embodiments, the light may be extreme ultra-
violet.

In certain embodiments, a method for cleaning an expo-
sure apparatus may include generating light from a light
source system, controlling and patterning the generated light
by a reflection member of a chamber of an optical system,
transmitting the patterned light to a substrate system to
perform an exposure process on a substrate, closing a first
on-oil valve disposed between the chamber and the substrate
system to seal the chamber during or after the exposure
process, and during or after the exposure process, supplying
a cleaning gas imto the chamber to perform a cleaning
process to the inside of the chamber.

In certain embodiments, particles 1in the chamber may be
exhausted to the substrate through an exhaust line extending
from the chamber when the cleaning process 1s performed.

In certain embodiments, the first on-off valve may be
closed and a second on-oil valve installed on the exhaust line
may be opened when the cleaning process 1s performed. The
first on-ofl valve may be opened and the second on-off valve
may be closed when the exposure process 1s performed.

In certain embodiments, the substrate may be a dummy
walfler.

In certain embodiments, the particles may be analyzed by
photographing the substrate when the cleaning process 1s
performed.
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In certain embodiments, the particles may be analyzed to
change at least one of a kind of the cleaning gas, a flow rate
of the cleaning gas or a cleaning performance time.

In certain embodiments, the chamber may be controlled in
a vacuum, and the light may be extreme ultraviolet.

In certain embodiments a method includes: generating
light from a light source system; controlling and patterning
the generated light by a plurality of reflection members of a
chamber of an optical system; transmitting the patterned
light to a substrate system to perform an exposure process on
a substrate while a first on-ofl valve disposed between the
chamber and the substrate system 1s open; closing the first
on-oil valve to seal the chamber after the exposure process;
and supplying a cleanming gas into the chamber to clean the
inside of the chamber while the first on-ofl valve 1s closed.

In certain embodiments, a method includes: coating a
photosensitive layer on a substrate; loading the substrate on
a support member of a substrate system ol an exposure
apparatus; performing an exposure process by exposing the
photosensitive layer to a patterned light by the exposure
apparatus, and cleaning a second chamber of the exposure
apparatus during the exposure process; and developing the
photosensitive layer to form a photosensitive pattern. The
exposure apparatus may include: a light source system
generating light, an optical system to control and pattern the
light, the optical system including an i1lluminating optical
system, a mask system, and a projecting optical system, the
projecting optical system having the second chamber. The
substrate system may include the substrate on which the
exposing 1s performed by the patterned light.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of the inventive concepts will become
more apparent 1n view of the attached drawings and accom-
panying detailed description.

FIG. 1 1s a schematic view illustrating an exposure
apparatus according to example embodiments of the inven-
tive concepts.

FI1G. 2 1s an enlarged view of a portion ‘A’ of the exposure
apparatus of FIG. 1, according to example embodiments.

FIGS. 3 to 5 are views 1llustrating an exposure process
and a cleaning process performed by a control unit accord-
ing to example embodiments of the inventive concepts.

FIG. 6 1s a plan view 1illustrating a substrate aiter the
cleaning process, according to example embodiments.

FIG. 7 1s a view 1illustrating an optical system further
including an adsorption member according to example
embodiments of the mventive concepts.

FIG. 8 1s a schematic view illustrating an exposure
apparatus according to example embodiments of the inven-
tive concepts.

FIG. 9 15 a flowchart 1llustrating a manufacturing method
of a semiconductor device using an exposure apparatus
according to example embodiments of the mmventive con-
cepts.

(L]

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

The present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the inventive concepts are
shown. The advantages and features of the mventive con-
cepts and methods of achieving them will be apparent from
the following exemplary embodiments that will be described
in more detail with reference to the accompanying drawings.
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It should be noted, however, that the inventive concepts are
not limited to the following exemplary embodiments, and
may be implemented in various forms. Accordingly, the
exemplary embodiments are provided only to disclose the
inventive concepts and let those skilled 1n the art know the
category of the inventive concepts. In the drawings, embodi-
ments of the mventive concepts are not limited to the
specific examples provided herein and are exaggerated for
clarity. The same reference numerals or the same reference
designators denote the same elements throughout the speci-
fication.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill 1n the art.

As used herein, the singular terms “a,” “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed 1tems. It will be further understood
that the terms “comprises™, “comprising,” “having,” “con-
taining,” “includes” and/or “including”, when used herein,
are to be construed as open-ended terms and specily the
presence ol stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

Spatially relative terms, such as “top,” “bottom,”
“beneath,” “below,” “lower,” “above,” “upper” and the like,
may be used herein for ease of description to describe one
clement’s or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device in use or operation 1n
addition to the orientation depicted in the figures. For
example, 11 the device 1n the figures 1s turned over, elements
described as “below” or “beneath™ other elements or fea-
tures would then be oriented “above” the other elements or
teatures. Thus, the term “below” can encompass both an
orientation ol above and below. The device may be other-
wise oriented (rotated 90 degrees or at other orientations)
and the spatially relative descriptors used herein interpreted
accordingly.

It will be understood that, although the terms “first”,
“second”, etc., may be used herein to describe various
clements, components, regions, layers and/or sections, these
clements, components, regions, layers and/or sections
should not be limited by these terms. Unless the context
indicates otherwise, these terms are only used to distinguish
one element, component, region, layer or section from
another element, component, region, layer or section. Thus,
a first element, component, region, layer or section dis-
cussed below could be termed a second element, component,
region, layer or section without departing from the teachings
ol example embodiments.

Additionally, the exemplary embodiments in the detailed
description will be described with cross-sectional, perspec-
tive and plan views as 1deal exemplary views of the iven-
tive concepts. In the drawings, the thicknesses of layers and
regions are exaggerated for clarnty. Accordingly, shapes of
the exemplary views may be modified according to manu-
facturing techniques and/or allowable errors.

FIG. 1 1s a schematic view illustrating an exposure
apparatus 1 according to example embodiments of the
inventive concepts, and FIG. 2 1s an enlarged view of a
portion ‘A’ of the exposure apparatus of FIG. 1. Referring to
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FIGS. 1 and 2, the exposure apparatus 1 may include a light
source system 10, an optical system 20, a substrate system
60, and a control unit 80.

The light source system 10 may generate light. In some
embodiments, the light source system 10 may generate
exposure light that 1s used to perform an exposure process on
a substrate W. The exposure light may be, for example,
extreme ultraviolet (EUV), also referred to as extreme
ultraviolet light. The extreme ultraviolet may have a wave-
length of 10 nm to 50 nm. For example, 1n one embodiment,
the extreme ultraviolet may have the wavelength of 13.5 nm.

The light source system 10 may include a light source 12,
a target 14, a condenser mirror 16, and a light-condensing
unit 18. The light source 12 may supply, for example, a laser
beam LB having a high-density pulse. The light source 12
may include laser plasma and spark plasma. For example,
the light source 12 may include CO, Laser, Nd:YAG laser,
free electron laser (FEL), ArF eximer laser, fluoride dimer
(F,) laser, or KrF eximer laser. The laser beam LB may be
irradiated to the target 14 to generate plasma P. As a resullt,
extreme ultraviolet L may be emitted from the plasma P. The
condenser mirror 16 may condense the extreme ultraviolet
L. The light-condensing unit 18 may supply the laser beam
LB to the condenser mirror 16. The extreme ultraviolet L
condensed from the condenser mirror 16 may be incident on
the optical system 20. In some embodiments, the light
source system 10 may further include a filter (not shown)
located 1n front of the condenser mirror 16. Thus, if light
having a different wavelength from the extreme ultraviolet L
1s generated from the plasma P, the extreme ultraviolet L
may be selectively transmitted through the filter (not
shown). For example, the filter (not shown) may be a
zirconium filter.

In some embodiments, the optical system 20 may include
an 1lluminating optical system 30, a mask system 40, and a
projecting optical system 50. The illuminating optical sys-
tem 30 may transmit the light (e.g., the extreme ultraviolet
L) received from the light source system 10 to the mask
system 40. The mask system 40 may pattern the light
transmitted from the i1lluminating optical system 30. The
projecting optical system 50 may transmit the light patterned
by the mask system 40 to the substrate system 60.

In some embodiments, the 1lluminating optical system 30
may 1nclude a first chamber 32, a first retlection member 34,
and a first gas supply member 35. The first chamber 32 may
be, for example, a vacuum chamber. The first chamber 32
may 1nclude a source on-ofl valve installed at one sidewall
of the first chamber 32. The source on-ofl valve may control
supply of the light (e.g., the extreme ultraviolet L). The first
reflection member 34 may be provided within the first
chamber 32. The first reflection member 34 may include a
mirror. For example, the first retflection member 34 may
include a multi-layer mirror. The first reflection member 34
may include a plurality of sub first reflection members 34a,
345, 34¢, 344 and 34e. In FIG. 1, the number of the sub first
reflection members 34a,345,34¢,34d and 34e 1s five. How-
ever, embodiments of the inventive concepts are not limited
to the number and positions of the sub first reflection
members. The sub first reflection members 34a.345,34¢,34d
and 34e may transmit the extreme ultraviolet L received
from the light source system 10 to the mask system 40. The
extreme ultraviolet L may be adjusted to have optimum
uniformity and intensity distribution by the sub first reflec-
tion members 34a,345,34¢,34d and 34e. The first gas supply
member 35 may 1nject or supply a gas into the first chamber
32. The first gas supply member 35 may be provided in
plurality. In some embodiments, the first gas supply member
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35 may supply a cleaning gas for cleaning the inside of the
first chamber 32. For example, the cleaning gas may include
at least one of extreme clean dry air (XCDA), argon (Ar),
hydrogen (H,), or nitrogen (N,). In some embodiments, the
illuminating optical system 30 may further include a vacuum
pump (not shown) for creating a vacuum in the inside of the
first chamber 32. In addition, the 1lluminating optical system
30 may further include various lenses and/or various optical
clements.

The mask system 40 may include a reticle 42 having a
circuit pattern and a reticle stage 44 supporting the reticle
42. The mask system 40 may pattern the light provided from
the i1lluminating optical system 30. For example, the mask
system 40 may selectively project and/or reflect the light
provided from the 1lluminating optical system 30 to pattern
the light. The mask system 40 may provide the patterned
light to the projecting optical system 50.

In some embodiments, the projecting optical system 50
may 1include a second chamber 52, a second reflection
member 34, a second gas supply member 55, a {irst on-oil
valve 56a, and an exhaust line 58. The pattern of the reticle
42 may be projected and shrunk by the projecting optical
system 50. The second chamber 52 may be, for example, a
vacuum chamber. Referring to FIG. 1, the first chamber 32
may be connected to the second chamber 52. For example,
the iside (e.g., an mner space) of the first chamber 32 may
be connected to the side (e.g., an 1nner space) of the second
chamber 52 through a connection path. Hereinatter, the first
and second chambers 32 and 52 connected to each other will
be described as an example. Optionally, the first and second
chambers 32 and 52 may be provided independently of each
other. The second reflection member 54 may be provided
within the second chamber 52. The second reflection mem-
ber 54 may include a mirror. For example, the second
reflection member 54 may include a multi-layer mirror. The
second retlection member 34 may include a plurality of sub
second reflection members 34a, 345, 54c¢, 54d, 534e and 54f.
In FIG. 1, the number of the sub second reflection members
S5da, 34b, 54c, 34d, 54e and 54f 1s s1x. However, embodi-
ments of the mventive concepts are not limited to the
number and positions of the sub second reflection members.
The sub second reflection members 54a, 545, S54c¢, 54d, 54e
and 54/ may project and transmit the patterned light received
from the mask system 40 to the substrate system 60. The
second gas supply member 55 may inject or supply a gas
into the second chamber 52. In some embodiments, the
second gas supply member 55 may supply a cleaning gas for
cleaning the mside of the second chamber 52. For example,
the cleaning gas may include at least one of extreme clean
dry air (XCDA), argon (Ar), hydrogen (H,), or nitrogen
(N,). The second gas supply member 35 may be provided 1n
plurality. In some embodiments, the projecting optical sys-
tem 50 may further include a vacuum pump (not shown) for
creating a vacuum 1in the inside of the second chamber 52.
In addition, the projecting optical system 50 may further
include various lenses and/or various optical elements. The
various gas supply members described herein may include,
for example, tubes having openings or nozzles thereon and
through which gas may be supplied.

The first on-ofl valve 56a may be installed on one side of
the second chamber 52 which 1s opposite to the substrate
system 60. For example, the first on-ofl valve 56 may be
provided at a position vertically overlapping with the sub-
strate system 60. The optical system 20 may be sealed or
opened by the first on-ofl valve 36a.

The exhaust line 58 may extend from one side of the
second chamber 52 opposite to the substrate system 60. In
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some embodiments, as 1llustrated 1n FIG. 2, the exhaust line
58 may be disposed adjacently to the first on-off valve 564.
A second on-ofl valve 538a opening and closing the exhaust
line 58 may be 1nstalled on the exhaust line 58. The exhaust
line 58 may extend from the second chamber 52 into the
substrate system 60 and toward the substrate W loaded on
the substrate system 60. An end of the exhaust line 58 may
be disposed over the substrate W 1n the substrate system 60.

In some embodiments, the substrate system 60 may

include a support member 62. The substrate W may be
loaded on the support member 62. The support member 62
may further include a clamp (not shown) to fix the substrate
W. In some embodiments, the support member 62 may
support and hold the substrate W by vacuum suction or
clectrostatic force. The substrate W may be exposed by the
light provided from the optical system 20 to project or
transier the pattern of reticle 42 to the substrate W. The
support member 62 may include a suction line 64 disposed
therein. The suction line 64 may suck particles falling to the
substrate W by vacuum suction.
In some embodiments, the control unit 80 may control the
light source system 10, the optical system 20, and the
substrate system 60. The control unit 80 may control the
exposure apparatus 1 such that the exposure process may be
performed on the substrate W or the cleaning process may
be performed to the inside of the second chamber 32. The
control unit 80 may selectively open and/or close the first
on-ofl valve 56a and the second on-off valve 58a. The
control unit 80 may control opening and closing of the
second chamber 352 to selectively perform the exposure
process of the substrate W and the cleaning process of the
inside of the second chamber 52.

FIGS. 3 to 5 are views 1llustrating an exposure process
and a cleaning process performed by the control umt 80.
FIG. 6 1s a plan view illustrating a substrate DW afiter the
cleaning process. Hereinalter, the exposure process and the
cleaning process will be described 1n more detail with
reference to FIGS. 3 to 6. Referring to FIGS. 1 and 3, when
the exposure process 1s performed, the control unit 80 may
control the optical system 20 such that the first on-off valve
56a 1s opened and the second on-off valve 58a i1s closed.
Thus, the exposure light may be incident on the substrate W
to perform the exposure process. Referring to FIG. 4, the
control umt 80 may perform the cleaning process to the
inside of the second chamber 52 during or after the exposure
process. IT desired, the control unit 80 may close the first
on-oil valve 56a during the exposure process. Thus, the
control unit 80 may perform the cleaning process even
during the exposure process. The control unit 80 may close
the first on-ofl valve 56a and may supply the cleaning gas
into the mside of the second chamber 52. The cleaning gas
may be supplied into the second chamber 52 through at least
one of the first and second gas supply members 35 and 55.
The cleaning gas supplied through the first gas supply
member 35 may be supplied from the inside of the first
chamber 32 1nto the 1nside of the second chamber 52 through
the connection path. The cleaning gas supplied through the
second gas supply member 55 may be supplied directly into
the inside of the second chamber 52. The control umit 80 may
generate a gas current using the cleaning gas to clean the
inside of the second chamber 52. For example, the cleaning
gas may 1nclude at least one of extreme clean dry air
(XCDA), argon (Ar), hydrogen (H,), or nitrogen (N,). At
this time, as i1llustrated in FIGS. 5 and 6, the control unit 80
may open the second on-ofl valve 38a to exhaust particles
from the mside of the second chamber 52 to the outside of
the second chamber 52. The particles may be exhausted to
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a top surface of the substrate W through the exhaust line 58.
Thus, recontamination of the substrate W and the reticle 42
may be minimized or prevented and process efliciency may
be improved. In one embodiment, the substrate W for this
operation may be a dummy water DW. In other embodi-
ments, a waler being manufactured that 1s not a dummy
waler can be placed in the chamber for exposure.

The control unit 80 may selectively control opening and
closing of the second chamber 52 to adjust a cleaning start
time and a cleaning performance time of the mside of the
second chamber 52. The cleaning process may start at the
cleaning start time and may be performed during the clean-
ing performance time. Thus, the control unit 80 may control
a down-time of the exposure apparatus 1 and may perform
the cleaning process of the inside of the second chamber 52
as needed. In some embodiments, the cleaning process may
be performed to the inside of the second chamber 52 during
a waiting time 1n operation of the exposure apparatus 1. For
example, the cleaning process may be performed after a start
time ol an exposure operation, but before the exposure
operation 1s complete. Thus, cleanliness of the exposure
apparatus 1 may be improved, and recontamination of the
reticle 42 and the substrate W may be minimized or pre-
vented.

FIG. 7 1s a view 1illustrating an optical system 20 further
including an adsorption member 59. In an embodiment, the
optical system 20 may further include an adsorption member
59. The adsorption member 59 may be disposed on one side
of the second chamber 52 opposite to the substrate system
60. In some embodiments, the adsorption member 59 may
be disposed on an outer surface of a first side of the second
chamber 52 so as to overlap with the first on-off valve 56aq.
As such, the adsorption member 39 may cover the first
on-oil valve 56a. When particles are exhausted from the
second chamber 52 during the exposure process, the adsorp-
tion member 59 may adsorb the particles. The adsorption
member 59 may include a filter. The adsorption member 59
may include a mesh shape. The adsorption member 39 may
be detachable. Optionally, the adsorption member 59 may be
provided in the second chamber 52. The adsorption member
59 may inhibit particles from reaching the substrate and/or
from remaining inside of the second process chamber 52,
thereby improving process efliciency by increasing a period
ol the cleaning process of the inside of the second chamber
52.

FIG. 8 1s a schematic view illustrating an exposure
apparatus 2 according to example embodiments of the
inventive concepts. Referring to FIG. 8, an exposure appa-
ratus 2 may include a light source system 10, an optical
system 20, a substrate system 60, and a control umit 80. The
light source system 10 and the optical system 20 of the
exposure apparatus 2 of FIG. 8 may be the same or similar
shapes and functions as the light source system 10 and the
optical system 20 of the exposure apparatus 1 of FIG. 1,
respectively, and thus, the detailed descriptions thereto will
be omitted for the purpose of ease and convenience in
explanation.

Referring to FIG. 8, the substrate system 60 may include
a support member 62 and an 1mage-sensing member 66. A
substrate W may be loaded on a top surface of the support
member 62. The support member 62 may further include a
clamp (not shown) fixing the substrate W. Optionally, the
support member 62 may support and hold the substrate W by
vacuum suction or electrostatic force. The substrate W may
be exposed by the light provided from the optical system 20
to project or transter the pattern of reticle 42 to the substrate
W. The support member 62 may include a suction line (not
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shown) disposed therein. The suction line (not shown) may
suck particles falling to the substrate W by a vacuum
suction.

The 1mage-sensing member 66 may photograph particles
exhausted from the exhaust line 58. In some embodiments,
as illustrated i FIG. 8, the image-sensing member 66 may
photograph the particles exhausted to a top surface of the
substrate W and may transmit image data of the particles to
the control unit 80. The image-sensing member 66 may be,
for example, a camera. In one embodiment, the substrate W
for this operation may be a dummy water. In other embodi-
ments, the substrate W for this operation may be a waler
being processed nto a semiconductor device.

The control unit 80 may control the light source system
10, the optical system 20, and the substrate system 60. The
control unit 80 may control the exposure apparatus 2 such
that the exposure process may be performed on the substrate
W or the cleaning process may be performed to the mside of
the second chamber 52. The control unit 80 may selectively
open and/or close the first on-off valve 56a and the second
on-oil valve 58a. The control unit 80 may control opening
and closing of the second chamber 52 to selectively perform
the exposure process ol the substrate W and the cleaning
process of the mside of the second chamber 52. When the
exposure process 1s performed, the control unit 80 may
control the optical system 20 such that the first on-off valve
56a 1s opened and the second on-off valve 58a i1s closed.
Thus, the exposure light may be incident on the substrate W
to perform the exposure process. The control umt 80 may
perform the cleaning process to the inside of the second
chamber 52 during or after the exposure process. If desired,
the control unit 80 may close the first on-ofl valve 564
during the exposure process. This may occur, for example,
during a wait time for the exposure process. For example,
during the exposure process for a particular layer of photo-
sensitive material, a cleaning process may occur during a
wait time of the exposure process before 1t 1s complete.
Thus, the control unit 80 may perform the cleaning process
even during the exposure process. The control unit 80 may
close the first on-ofl valve 56a and may supply the cleaning
gas 1nto the second chamber 52. The control umt 80 may
generate a gas current using the cleaning gas to clean the
inside of the second chamber 52. For example, the cleaning
gas may 1nclude at least one of extreme clean dry air
(XCDA), argon (Ar), hydrogen (H,), or nitrogen (N,). At
this time, the control umt 80 may open the second on-oil
valve 58a to exhaust particles from the 1nside of the second

chamber 52 to the outside of the second chamber 52. The
particles may be exhausted to the top surface of the substrate
W through the exhaust line 38.

The control unit 80 may control the 1image-sensing mem-
ber 66 such that the image sensing member 66 photographs
the particles exhausted onto the substrate W. The control unit
may recerve the image data of the particles from the 1mage-
sensing member 66 and may analyze the received image
data. The control unit 80 may include a graphical user
interface (GUI) unit. In some embodiments, the control unit
80 may change at least one of a kind of the cleaning gas, a
flow rate of the cleaning gas or the cleaning performance
time, based on analysis results of the image data. Thus,
detection and analysis of the particles 1n the second chamber
52 may be performed in-situ. For example, the detection and
analysis may occur during the cleaning as part of a continual
supply of gas to the chamber. Thus, in certain embodiments,
the photographs and analysis may occur during the cleaning,
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process, without requiring a vacuum break for removing the
gas prior to taking the photographs and performing the
analysis.

The control unit 80 may selectively control opeming and
closing of the second chamber 52 to adjust the cleaning start
time and the cleaning performance time of the mside of the
second chamber 52. Thus, the control unit 80 may control a
down-time of the exposure apparatus 2 and may perform the
cleaning process of the mnside of the second chamber 52 as
needed. In some embodiments, the cleaning process may be
performed to the inside of the second chamber 32 during a
waiting time in operation of the exposure apparatus 2. In
addition, a particle state of the iside of the second chamber
52 may be analyzed 1n-situ 1n real time to adjust at least one
of the kind of the cleaning gas, the flow rate of the cleaning
gas or the cleaning performance time, thereby improving
cleaning efliciency. As a result, the cleanliness of the expo-
sure apparatus 2 may be improved, and recontamination of
the reticle 42 and the substrate W may be minimized or
prevented.

In the exposure apparatus according to the above-men-
tioned embodiments of the mventive concepts, the second
chamber 52 of the projecting optical system 50 1s connected
to the first chamber 32 of the illuminating optical system 30.
Alternatively, the second chamber 52 may be independent of
the first chamber 32. In some embodiments, the first cham-
ber 32 and the second chamber 52 may be divided from each
other by a partition in a single chamber. The cleaning
method of the mside of the chamber according to the
inventive concepts may be applied to various process appa-
ratuses using vacuum chambers as well as the exposure
apparatus.

According to example embodiments of the inventive
concepts, the vacuum chamber may be selectively opened or
closed to adjust the cleaming start time and the cleaning
performance time of the inside of the chamber. Thus, the
particles in the chamber may be reduced to minimize or
prevent recontamination of the reticle and the substrate. In
addition, the particle state may be analyzed in-situ 1n real
time to adjust the kind of the cleaning gas, the tlow rate of
the cleaning gas and/or the cleaning performance time, so
the cleaning efliciency may be improved.

In certain embodiments, as depicted for example in FIG.
9, the exposure apparatus 1, 2 of one of the examples
described above may be applied to a manufacturing process
for a semiconductor device or a display device. In a semi-
conductor manufacturing process, a substrate W may have a
photosensitive layer (not shown) on top of the substrate W
(step 801). For example, the substrate W may be a semi-
conductor substrate such as a silicon wafler coated with a
photosensitive layer. The substrate W may have formed
thereon a layer of metal, msulator, or semiconductor mate-
rial formed between the substrate W and the photosensitive
layer (not shown). A pattern of metal, insulator, or semicon-
ductor material may be formed between the substrate W and
the photosensitive layer (not shown).

The substrate W may be provided on the support member
62 (FIG. 1) of the substrate system 60 (FIG. 1). (step 802)
The photosensitive layer (not shown) may be exposed to a
patterned light by the exposure apparatus 1, 2 (step 803).
The control unit 80 (FIG. 1) may control opeming and
closing of the second chamber 52 to selectively perform the
exposure process on the substrate W and the cleaning
process of the mside of the second chamber 52. When the
exposure process 1s performed, the control unit 80 may
control the optical system 20 such that the first on-ofl valve
56a 1s opened and the second on-ofl valve 58a 1s closed.
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Thus, the exposure light may be incident on the substrate W
to perform the exposure process. After the exposure process,
the control unit 80 may close the first on-off valve 56a such
that the second chamber 52 1s sealed (step 804).

The control unit 80 may supply the cleaning gas into the
inside of the second chamber 52 (step 805). The cleaning gas
may be supplied into the second chamber 52 through at least
one of the first and second gas supply members 35 and 55.
The cleaning gas supplied through the first gas supply
member 35 may be supplied from the inside of the first
chamber 32 into the inside of the second chamber 52 through
the connection path. The cleaning gas supplied through the
second gas supply member 55 may be supplied directly into
the 1nside of the second chamber 52. The control unit 80 may
generate a gas current using the cleaning gas to clean the
inside of the second chamber 52. For example, the cleaning
gas may 1nclude at least one of extreme clean dry air
(XCDA), argon (Ar), hydrogen (H,), or nitrogen (N,).
During of after the cleaning process, the control umt 80 may
open the second on-ofl valve 58a to exhaust particles from
the mside of the second chamber 52 to the outside of the
second chamber 52. The photosensitive layer may be devel-
oped to form a photosensitive layer pattern after 1t 1s exposed
to the patterned light (step 806).

In some other embodiments, the control unit 80 may
perform the cleaning process to the inside of the second
chamber 52 during the exposure process. During the expo-
sure process, the control unit 80 may close the first on-off
valve 56a and may supply the cleaning gas 1nto the mside of
the second chamber 52. The control unit 80 may generate a
gas current using the cleaning gas to clean the 1nside of the
second chamber 52.

In some other embodiments, the exposure apparatus 1, 2
of one of the examples described above may be applied to
a manufacturing process for a semiconductor device. In a
manufacturing method for the semiconductor device, a sub-
strate W 1ncluding doped regions for forming transistors and
optionally including one or more layers or patterns formed
thereon may have a photosensitive layer (not shown) on top
of the substrate W. The substrate W may be provided on the
support member 62 of the substrate system 60. The photo-
sensitive layer (not shown) may be exposed to a patterned
light by the exposure apparatus 1, 2. When the exposure
process 1s performed, the control unit 80 may control the
optical system 20 such that the first on-ofl valve 56a 1is
opened and the second on-off valve 58a 1s closed. Thus, the
exposure light may be incident on the substrate W to
perform the exposure process. During or after the exposure
process, the control unit 80 may close the first on-off valve
56a. The control unit 80 may supply the cleaning gas mnto the
inside of the second chamber 52 and the control unit 80 may
generate a gas current using the cleaning gas to clean the
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inside of the second chamber 52. The photosensitive layer
may be developed to form a photosensitive layer pattern
alter 1t 1s exposed to the patterned light. One of more layers
of the substrate may then be patterned using the patterned
photosensitive layer, 1n order to form, for example, a semi-
conductor device (e.g., an integrated circuit formed on a
chip).

While various aspects of the inventive concepts have been
described with reference to example embodiments, 1t will be
apparent to those skilled in the art that various changes and
modifications may be made without departing from the
spirits and scopes of the mventive concepts. Therelore, it
should be understood that the above embodiments are not
limiting, but illustrative. Thus, the scopes of the mventive
concepts are to be determined by the broadest permissible
interpretation of the following claims and their equivalents,
and shall not be restricted or limited by the foregoing
description.

What 1s claimed 1s:

1. A method for cleaning an exposure apparatus, the
method comprising:

generating light from a light source system;

controlling and patterning the generated light by a reflec-

tion member of a chamber of an optical system;
transmitting the patterned light to a substrate system to
perform an exposure process on a substrate;

closing a first on-ofl valve disposed between the chamber

and the substrate system to seal the chamber during or
after the exposure process; and

during or after the exposure process, supplying a cleaning,

gas 1nto the chamber to perform a cleaning process to
the inside of the chamber,

wherein particles 1n the chamber are exhausted to the

substrate through an exhaust line extending from the
chamber while the cleaning process 1s performed.
2. The method of claim 1, wherein supplying the cleaning
gas 1nto the chamber 1s performed while the cleaning
process 1s performed.
3. The method of claim 1, wherein the optical system
comprises an adsorption member disposed on the chamber
adjacent to the first on-off valve to adsorb particles occurring
during the exposure process,
wherein the adsorption member 1s disposed between the
first on-ofl valve and the substrate system, and

wherein the adsorption member adsorbs particles coming
through the first on-ofl valve when the first on-off valve
1S open.

4. The method of claim 1, wherein the cleaning gas
comprises at least one of extreme clean dry air, argon,
hydrogen and nitrogen.
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